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1 Introduction and background
The measurement and aggregation of capital quantities, capital prices, and capital
values are important problems in applied economic research, including national
income and wealth accounting, productivity measurement, research on technology
and behaviour of ﬁrms, construction of price and quantity indices. This problem
is closely attached to the problem of measuring net national product and net na-
tional income; see e.g., Weitzman (1976) and Hulten (1992). Capital goods are
less homogeneous than ‘ordinary’ perishable goods – which cannot be stocked and
have ‘service lives’ close to zero – since they have a vintage dimension. Aggregation
procedures then have to consider that goods belonging to diﬀerent vintages have
some properties which are similar – for example their ability to generate services
during a given time interval – while other properties are dissimilar – for example
their values when traded in a market. Brieﬂy, the aggregation problem for capital
has a higher dimension than for non-durable goods. Items which appear as ho-
mogeneous in some respects, e.g., as generators of capital service inputs, may be
heterogeneous in other respects, e.g., as wealth assets. I draw two consequences
from this: (A) The problem of measuring capital prices, or price indexes, should
be considered alongside the problem of measuring capital quantities, or quantity
indexes. (B) When constructing and using a speciﬁc capital price index, one should
be explicit about the quantity index to which it corresponds – and vice versa.
In this note I will discuss the measurement of capital and its price, describe
the relationship between these variables, explain why several capital quantity and
capital price concepts may be needed, and discuss why the extent to which they
can be observed, diﬀer. Some variables can be easily observed and some may
be quantiﬁed if the analyst is willing to make certain, to some extent testable,
assumptions. Some are hardly measurable at all and should be treated as latent.
In doing this I will discuss whether capital quality should have a place as a third
component in capital value aggregates, and if so, how it should be treated.
By ‘capital’ I will mean tangible productive assets in ﬁrms (production capital)
and tangible service-generating assets in households (consumption capital). Capital
has several dimensions, and it is important to specify whether our interest is in a
measure for capital as an input in explaining output or for productivity research,
or a measure of capital as a wealth asset, reﬂecting its ability to produce services
to its owner or user today and in the future.
2 Capital measurement: Three quotations
I will start by quoting how three prominent economists have characterized the
problem of measuring tangible capital:
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John R. Hicks: “The measurement of capital is one of the nastiest jobs that
economists have set to statisticians.” [Hicks (1981, p. 204)]
Joan Robinson: “The student of economic theory is taught to write O = f(L,C)
where L is a quantity of labour, C a quantity of capital and O a rate of output of
commodities. He is instructed to assume all workers alike, and to measure L in man-
hours of labour; he is told something about the index-number problem involved in
choosing a unit of output; and then he is hurried on to the next question, in the
hope that he will forget to ask in what units C is measured. Before ever he does
ask, he has become a professor, and so sloppy habits of thought are handed on from
one generation to the next.” [Robinson (1953, p. 81)]
Dale W. Jorgenson: “As a consequence of the rapid assimilation of the results
of Hulten and Wykoﬀ, depreciation has been transformed from one of the most
contentious and problematic areas in economic measurement to one of the best
understood and most useful.” [Jorgenson (1996, p. 24)]
3 Measuring values versus measuring quantities and prices
Measuring values of capital goods may be easier than measuring prices and quan-
tities. We will need, in price and quantity terms, not only capital stocks, but also
capital service ﬂows. For each capital item, as well as for indices constructed for
aggregates, we should, ideally, have:
Capital Stock Value = Capital Stock Price × Capital Stock Quantity
Capital Service Value = Capital Service Price × Capital Service Quantity
If our deﬁnitions and/or methods of measurement are not conformable, we may
need to extend the relationships by inserting a ‘buﬀer’, called quality (for lack of a
better term), between price and quantity as follows:
Value = Price × Quality × Quantity
In order to separate capital values properly into prices and quantities, one may
come out with one of three solutions:
(a) suppress quality altogether,
(b) allocate quality to capital’s price component,
(c) allocate quality to capital’s quantity component.
4 Weight functions and capital quantities
Some notation will be needed to expose the argument. We let t denote running
time, a denote age, and t−a denote vintage, all considered as continuous, and ﬁrst
introduce three quantity variables:
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J(t) : Gross investment quantity at time t.
K(t, a) : Gross capital of age a at time t: capital measured in eﬃciency units.
G(t, a) : Physical capital of age a at time t: capital measured in physical units.
Two weight functions describe the relationship between J , G and K:
S(a) : Survival function:
Share of investment, in physical units, which remains at age a.
E(a) : Efficiency function:
Share of eﬃciency of one physical unit existing at age a which remains at this age.
These weight functions are time-invariant and are assumed to satisfy
S ′(a) ≤ 0, S(0) = 1, S(∞) = 0,
E ′(a) ≤ 0, E(0) = 1, E(∞) = 0.
Capital measured in physical units and in eﬃciency units at age a at time t can
then be expressed as, respectively,
G(t, a) = S(a) J(t−a),(1)
K(t, a) = E(a)G(t, a),(2)
and therefore
(3) K(t, a) = S(a)E(a)J(t− a).
It follows that
K(t, 0) = G(t, 0) = J(t), ∀ t,
K(t, a) ≤ G(t, a) ≤ J(t−a), ∀ t& ∀ a > 0.
Example:
G(2000, 5) = Number of machines, 5 years old in year 2000.
K(2000, 5) = Number of eﬃciency units which are contained in G(2000, 5).
The relevant quantity variable for productivity analysis is gross capital, K,
since it is the generator of capital services. I will stick to the usual assumption
that one unit of eﬃciency capital generates one unit of services per unit of time.
The variables G and K coincide numerically only under particular circumstances.
For wealth accounting, neither G nor K is, in general, the relevant capital quantity
variable, which will be elaborated in Section 8.
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5 Three basic problems
I will deﬁne three basic problems related to the measurement of capital.
THE FIRST PROBLEM: It is much easier to measure J(t) and
G(t, a) for a>0 than it is to measure K(t, a) for a>0.
We now deﬁne stock values and stock price variables:
q(t) : Price per new capital unit at time t.
V (t, a) : Value of capital stock of age a at time t.
p(t, a) : Price per physical capital unit of age a at time t.
r(t, a) : Price per capital efficiency unit of age a at time t.
I use the term vintage price for p(t, a) (a>0) and r(t, a) (a>0). Vintage prices
may be diﬃcult (and expensive) to measure.
The value of capital value which belongs to a certain vintage can be split into a
price and a quantity in two ways:
(4) V (t, a) = p(t, a)G(t, a) = r(t, a)K(t, a).
This, in combination with (2) implies
(5) p(t, a) = E(a)r(t, a),
so that the capital price and the two vintage prices satisfy:
p(t, 0) = r(t, 0) = q(t), ∀ t
p(t, a) ≤ r(t, a) ≤ q(t), ∀ t&∀ a > 0.
Example:
p(2000, 5) = Price of one machine, 5 years old in year 2000.
r(2000, 5) = Price of one eﬃciency-corrected machine, 5 years old in year 2000.
THE SECOND PROBLEM: If vintage prices are observable, what
we are likely to observe is p(t, a) for a>0, not r(t, a) for a>0.
Prices of the latter kind arguably are the most interest vintage price concepts for
accounting and research.
In Equation (4), the decomposition V (t, a) = p(t, a)G(t, a) lends itself more
easily to statistical quantiﬁcation than V (t, a) = r(t, a)K(t, a). With respect to
observability of p(t, a) and G(t, a), three situations can occur:
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(i) We can observe p(t, a) and are able to count the corresponding number of
physical units, G(t, a), and then obtain V (t, a) as their product.
(ii) We can observe V (t, a) and G(t, a), and then obtain p(t, a) as their ratio.
(iii) We can observe V (t, a) and p(t, a), and then obtain G(t, a) as their ratio.
It follows from (2) and (4) that the two sets of quantities and prices are related by:
(6)
K(t, a)
G(t, a)
=
p(t, a)
r(t, a)
= E(a) ∀ t & ∀a > 0.
This implies that only if we are assured that capital has a constant eﬃciency, i.e.,
E(a)=1 ∀ a > 0, the problem of non-observability of K(t, a) and r(t, a) vanishes.
However, several reasons can be given why E(a)=1 lacks realism.
THE THIRD PROBLEM: How construct the missing link in the price
system for capital?
Precisely, which mathematical relationship can be established between p(t, a) and
r(t, s) on the hand and q(t) on the other? A related problem, also to be addressed,
is: How can a capital service price be obtained?
My answer is:
A ﬁrm, or a household, purchases and uses a capital item,
because it is interested in the future services that the item
(is expected to) generate(s). A ﬁrm or household which
buys one eﬃciency unit of capital, pays (should pay) the
same price per unit of prospective discounted capital ser-
vices as a ﬁrm or household which buys one new unit, re-
gardless of the age of the unit. This common ratio is
the capital service price.
This criterion is related to other criteria in the literature, but its precise formu-
lation is diﬀerent. The mathematical formalization to be given in Equations (11)
through (14) below is related to the condition frequently postulated as an equilib-
rium condition in the capital market literature, saying that the acquisition price of
a capital asset should equal the (present value of the) its (expected) future rental
prices weighted by the relevant remaining eﬃciency [see, e.g., Hotelling (1925),
Hicks (1973, Chapter II), Jorgenson (1989, Section 1.2), and Diewert (2005, Sec-
tion 2)]. In Biørn (2007), this issue is elaborated.
The rationale for the above arbitrage condition is the neo-classical malleability
assumption for capital in conjunction with the existence of perfect markets
for new and used capital goods. However, several reasons can be given why this
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condition – which resembles theoretical conditions for determination of prices of
ﬁnancial assets – can be expected to hold only approximately: market imperfec-
tions, uncertainty, imperfect information, imperfect malleability, putty-clay eﬀects,
indivisibility of capital goods, etc.
6 Formalizing the argument
We now formalize the argument, in three steps:
Step 1: The discounted service ﬂow from one new capital unit which is generated
after age a is deﬁned as
(7) ω(a) =
∫∞
a
e−ρ(s−a)S(s)E(s)ds,
where ρ is interpreted as a (real) rate of discount [nominal interest rate minus rate
of increase of the capital price q(t)].
Step 2: The discounted service ﬂow from one capital eﬃciency unit which has
attained age a and which is generated from age onwards then becomes:
(8) φ(a) =
ω(a)
S(a)E(a)
.
Step 3: The capital service price for age a at time t can then be deﬁned in two
alternative ways, by normalizing capital vintage prices r(t, a) or p(t, a) against the
service ﬂow indicator φ(a):
c(t, a) =
r(t, a)
φ(a)
= c(t),(9)
d(t, a) =
p(t, a)
φ(a)
= E(a)d(t, 0), ∀ t& ∀ a ≥ 0(10)
Equations (9)–(10) represent my ﬁrst way of stating the arbitrage condition, and
can be interpreted as giving either normative or positive statements:
Normative: These equalities should hold for all a and t.
Positive: These equalities holds, approximately, for any a and t.
7 Implications of the arbitrage condition
I next consider four implications of the arbitrage condition (9)–(10).
Implication 1: Expressed in terms of vintage price per efficiency unit:
(11) r(t, a) =
φ(a)
φ(0)
q(t).
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Implication 2: Expressed in terms of vintage price per physical unit:
(12) p(t, a) = E(a)
φ(a)
φ(0)
q(t) =
1
S(a)
ω(a)
ω(0)
q(t).
This equation, combined with observations on p(t, a)/q(t), can be used to make
inference on the form of the eﬃciency function E(a) and possibly also – but not
always, see e.g. Biørn (1998) – on the form of the survival function S(a) – provided
that the arbitrage condition holds. Alternatively: With suitable parameterizations
of S(a) and E(a), the latter equation could be a vehicle for testing the arbitrage
condition econometrically. See also Biørn (2005, 2007).
Implication 3: Expressed in terms of service prices:
c(t, a) = c(t),(13)
d(t, a) =
E(a)
φ(0)
q(t) = E(a)c(t).(14)
Implication 4: The service price c(t) and the vintage prices r(t, a) and p(t, a)
(should) – for any age a – change in proportion to q(t), cet. par. The time path of
q(t) is unrestricted. When the price per new capital unit increases by α
per cent and S(a), E(a), and ρ are unchanged, then the vintage and
service prices are predicted to increase by α per cent. This also is a
testable implication, subject to the availability of data.
8 Capital stock value, service value and net capital
We deﬁne net capital stock as the value of the capital stock deﬂated by the current
capital price. The vintage speciﬁc net capital of age a at time t can therefore be
expressed as
(15) H(t, a) =
ω(a)
ω(0)
J(t−a),
which also represents the initial investment weighted by the share of services gen-
erated after age a. Hence, the vintage speciﬁc capital stock value of age a at time
t can be written as
(16) V (t, a) = q(t)H(t) = q(t)
ω(a)
ω(0)
J(t−a),
which means
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Capital stock value
=
Replacement value of investment [q(t)J(t−a)]
×
Share of services from one NEW capital unit
generated after age a
=
Price per new capital unit
×
Initial investment weighted by share of services
generated after age a
We deﬁne the vintage speciﬁc capital service value of age a at time t as the
product of the capital service price and the capital stock volume – both of which
are expressed either in terms of eﬃciency units or in terms of physical units, i.e.,
(17) W (t, a) = c(t)K(t, a) = d(t, a)G(t, a) =
q(t)
ω(0)
S(a)E(a) J(t−a),
which means
Capital service value
=
Replacement value of investment per unit of
total service flow [q(t)J(t−a)/ω(0)]
×
Survival function × Efficiency function.
9 Aggregation across vintages
So far, only one vintage of a speciﬁc homogeneous capital category has been con-
sidered. We now turn to aggregation across vintages.
First, deﬁne total capital stock value and total capital service value
as, respectively:
V (t) =
∫∞
0
V (t, a) da =
∫∞
0
q(t)H(t, a) da =
∫∞
0
q(t)ω(a)
ω(0)
J(t−a) da,(18)
W (t) =
∫∞
0
W (t, a) da =
∫∞
0
c(t)K(t, a) da =
∫∞
0
c(t)S(a)E(a)J(t−a) da.(19)
This aggregation is one aspect of ‘the index problem’ for capital goods. The other
aspect is the more common ‘index problem’ of aggregating across diﬀerent good
categories, including diﬀerent capital categories, non-durable goods, services, etc.
10
Next, deﬁne aggregate gross capital stock and aggregate net cap-
ital stock as, respectively:
K(t) =
∫∞
0
K(t, a) da, where K(t, a) = S(a)E(a) J(t−a),(20)
H(t) =
∫∞
0
H(t, a) da, where H(t, a) =
ω(a)
ω(0)
J(t−a).(21)
K(t) and H(t) may be considered two quantity indexes for capital stocks –
serving diﬀerent purposes. Then, using (18)–(21), the two value aggregates can, in
principle, be decomposed as
(22)
V (t) = q(t)H(t),
W (t) = c(t)K(t),
which means
Stock value = Price per new capital unit × Net Capital
(Index) (Index) (Index)
Service value = Service price × Gross Capital
(Index) (Index) (Index)
10 Parametric survival and eﬃciency functions
How should value aggregates be decomposed in practice? To answer this question,
we have to address the issue of capital quality, referred to in Section 3, and to
select appropriate parametric forms for the survival function S(a) and the eﬃciency
function E(a). This is the topic of this and the next section.
Regarding the quality dimension of capital stocks and capital services, my posi-
tion is that what I denote as a quality component should be accounted for only when
the deﬁnitions and ways of measuring prices and quantities are not conformable.
For the S(a) and E(a) functions, we will consider three examples with two, one
and three parameters, respectively. They are also discussed in Biørn (2007), where
more details are given.
Example 1: Exponentially declining survival and eﬃciency:
S(a) = e−β a (β≥0), E(a) = e−γ a (γ≥0).
Example 2: No retirement until age N . Constant eﬃciency:
S(a) = E(a) = 1, a ∈ [0, N ].
Example 3: Two-parametric functions with maximal age = N :
S(a) =
(
1− a
N
)μ
(μ≥0), E(a) =
(
1− a
N
)ν
(ν≥0), a ∈ [0, N ].
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For μ= ν =0, Example 3 degenerates to Example 2. Example 3 is rather ﬂexible
with respect to curvature:
◦ S(a) is convex/linear/concave⇐⇒ μ >=
<
1, respectively.
◦ B(a) is convex/linear/concave⇐⇒ ν >=
<
1, respectively.
◦ S(a)E(a) is convex/linear/concave⇐⇒ τ =μ+ν >=
<
1, respectively.
Hence, the combined survival-eﬃciency function S(a)E(a) can be convex even if
one of its components, or both, are concave. An example is 12 <μ<1, 12 <ν<1.
11 Decompositions of stock and capital service values
In this section, we illustrate, for the parametric survival functions described in
Section 10, the decompositions of the aggregate capital stock and service values
described for general survival and eﬃciency functions in Sections 8 and 9. For
simplicity we will assume that no discounting of future services (ρ=0) is performed.
This assumption can be relaxed rather easily for the exponential decay Example 1,
and with somewhat more diﬃculty for Examples 2 and 3, where ﬁnite service life of
the capital is assumed. In Biørn (2007) a detailed derivation of the decompositions
below and a description of the generalization with ρ>0 are given.
The primary purpose of this section is to illustrate cases in which capital quality
should be entered as a buﬀer between the price and the quantity component and
when it is not needed. In the latter case the deﬁnition of quantity and price are
said to be conformable, in the former case they are not.
Capital value decompositions. Example 1
Stock value:
Version 1.1: V (t) =
∫∞
0 q(t)e
−γ a
︸ ︷︷ ︸ e
−β aJ(t−a)︸ ︷︷ ︸ da
p(t, a) G(t, a)
Version 1.2: V (t) =
∫∞
0 q(t)︸︷︷︸ e
−γ ae−β aJ(t−a)︸ ︷︷ ︸ da
r(t, a) H(t, a) = K(t, a)
Service value:
Version 1.3: W (t) =
∫∞
0 c(t)︸︷︷︸ e
−γ ae−β aJ(t−a)︸ ︷︷ ︸ da
c(t, a) K(t, a) = H(t, a)
Version 1.4: W (t) =
∫∞
0 c(t)e
−γ a
︸ ︷︷ ︸ e
−β aJ(t−a)︸ ︷︷ ︸ da
d(t, a) G(t, a)
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Capital value decompositions. Example 2
Stock value:
Version 2.1: V (t) =
∫ N
0 q(t)
(
N−a
N
)
︸ ︷︷ ︸ J(t−a)︸ ︷︷ ︸ da
p(t, a) = r(t, a) G(t, a) = K(t, a)
Version 2.2: V (t) =
∫ N
0 q(t)︸︷︷︸
(
N−a
N
)
J(t−a)︸ ︷︷ ︸ da
q(t) H(t, a)
Service value:
Version 2.3: W (t) =
∫ N
0 c(t)︸︷︷︸ J(t−a)︸ ︷︷ ︸ da
c(t, a) G(t, a) = K(t, a)
Version 2.4: W (t) =
∫ N
0 c(t)︸︷︷︸ J(t−a)︸ ︷︷ ︸ da
d(t, a) = r(t, a) G(t, a) = K(t, a)
Capital value decompositions. Example 3
Stock value:
Version 3.1: V (t) =
∫ N
0 q(t)(
N−a
N )(
N−a
N )
ν
︸ ︷︷ ︸
(
N−a
N
)μ
J(t−a)︸ ︷︷ ︸ da
p(t, a) G(t, a)
Version 3.2: V (t) =
∫ N
0 q(t)
(
N−a
N
)
︸ ︷︷ ︸
(
N−a
N
)ν(N−aN )μJ(t−a)︸ ︷︷ ︸ da
r(t, a) K(t, a)
Service value:
Version 3.3: W (t) =
∫ N
0 c(t)︸︷︷︸
(
N−a
N
)ν(N−a
N
)μ
J(t−a)︸ ︷︷ ︸ da
c(t, a) K(t, a)
Version 3.4: W (t) =
∫ N
0 c(t)
(
N−a
N
)ν
︸ ︷︷ ︸
(
N−a
N
)μ
J(t−a)︸ ︷︷ ︸ da
d(t, a) G(t, a)
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We can write the stock value and the service values of capital, as given in (18)
and (19) for the general case, as
V (t) =
∫∞
0
q(t)Λ(a)J(t−a)da,(23)
W (t) =
∫∞
0
c(t)Ψ(a)J(t−a)da.(24)
where Λ(a) = ω(a)
ω(0)
and Ψ(a) = S(a)E(a). The capital value decompositions in
Examples 1–3 above – each having two versions of the stock value decomposition
and two versions of the service value decomposition – can be summarized by the
following table:
Λ(a) Ψ(a)
Example 1 e−(γ+β)a e−(γ+β)a
Example 2
(
N−a
N
)
1
Example 3
(
N−a
N
)ν+μ+1 (N−a
N
)ν+μ
Example 1 has the property that Λ(a) = Ψ(a) ∀ a. This is not the case for
Examples 2 and 3. The only price-quantity constellations which are conformable
for the stock value are [p(t, a), G(t, a)] and [r(t, a), K(t, a)]; confer Versions 1.1 and
1.2. The only price-quantity constellations which are conformable for the service
value are [c(t), K(t, a)] and [d(t, a), G(t, a)]; confer Versions 1.3 and 1.4.
Then, consider Example 2. If we for all vintages entering the capital value
aggregates represent the capital service price by c(t) and the quantity by J(t−a),
these components are conformable for the service value; confer Versions 2.3.–2.4.
This is reﬂected by Ψ(a)=1 ∀a, which means that the quality component can be
neglected. On the other hand, if we for all vintages represent the capital stock
price by q(t) and the quantity by J(t−a), the price and quantity components
are not conformable for the stock value. This follows because Λ(a) =
(
N−a
N
)
, and
therefore we cannot neglect the quality components, but have to account for it
by this age-speciﬁc Λ(a) function; confer Versions 2.1 and 2.2. In general, for all
the three examples, we can interpret Λ(a) = ω(a)
ω(0)
and Ψ(a) = S(a)E(a) as quality
adjustment functions which must be included if we insist on representing the capital
quantity by J(t−a) and the price by q(t) and by c(t), respectively.
Consider next Example 3. Here the price c(t) and the quantity J(t−a) are
not conformable for the service value and the price q(t) and the quantity J(t−a)
are not conformable for the stock value, when at least one of ν or μ are posi-
tive. The only price-quantity constellations which are conformable for the ser-
vice value are [c(t), K(t, a)] and [d(t, a), G(t, a)]; confer Versions 3.3 and 3.4. The
only price-quantity constellations which are conformable for the stock value are
[r(t, a), K(t, a)] and [p(t, a), G(t, a)]; confer Versions 3.1 and 3.2.
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Nine cases belonging to Example 3, in which quality components are included –
six for the stock value (a through f) and three for the service value (g through i)–
are displayed in the table below. It is obvious that the magnitude of the quality
component – for given price and quantity indicators – will change when at least
one of the parameters N , ν or μ changes. An interesting question, not to be
discussed here, is to which extent such parameter changes will be shifted in the
market observations on prices and quantities.
Value Price Quality Quantity
a V (t, a) q(t)
(
N−a
N
)ν+μ+1
J(t−a)
b V (t, a) p(t, a)
(
N−a
N
)μ
J(t−a)
c V (t, a) r(t, a)
(
N−a
N
)ν+μ
J(t−a)
d V (t, a) q(t)
(
N−a
N
)ν+1
G(t, a)
e V (t, a) r(t, a)
(
N−a
N
)ν
G(t, a)
f V (t, a) q(t)
(
N−a
N
)
K(t, a)
g W (t, a) c(t)
(
N−a
N
)ν+μ
J(t−a)
h W (t, a) d(t, a)
(
N−a
N
)μ
J(t−a)
i W (t, a) c(t)
(
N−a
N
)ν
G(t, a)
12 Conclusions
The conclusions put forth in this paper, as well as some reﬂections they motivate,
can be summarized in the following seven points:
[1] We need several measures of capital prices and quantities depending on the
purpose for which they are to be used: G(t, a), K(t, a), and H(t, a) diﬀer concep-
tually and in general also numerically.
[2] If our deﬁnitions of prices and quantities for old capital goods are not con-
formable, it will be necessary to introduce quality as a separate component in
order to make their product equal to the capital value.
[3] Often, the only variables observable from collected statistical data are J(t) and
q(t). We can specify parametric functional forms for the survival and eﬃciency
functions S(a) and E(a), like those in the illustrative examples, but a lot has to
be done before their unknown parameters [like (β, γ,N, μ, ν) in the examples] can
be quantiﬁed properly.
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[4] To be able to quantify (the unknown parameters of) S(a) and E(a), we may
need information on maximal service lives (scrapping ages) and vintage prices for
physical capital goods, p(t, a), for approximately homogeneous items. Information
on quantiles (e.g., the ﬁrst, second and third quartiles) in the survival and eﬃciency
functions) would also be valuable pieces of information.
[5] Such information would put researchers in a position to estimate by econo-
metric methods parameters of the survival and eﬃciency functions and/or to test
arbitrage conditions for capital on which capital accounting should be based. In
reality, it has been very diﬃcult to motivate statistics-producing agencies to give
collection of such information high priority. This has for long been the situation
in Norway, and, to my knowledge, it seems not to be radically diﬀerent in most
other countries. The methods exist, but the core data needed to implement them
are lacking.
[6] The correct way of decomposing capital values (indices) into prices and quan-
tities (indices) will change when the shapes of the survival and eﬃciency functions
[represented by (β, γ,N, μ, ν) in the illustrative examples] change. An assertion
often made is that many consumer durable goods have become gradually less long-
lived than before. This raises interesting and important questions for econometric
research and policy, inter alia, for the construction and use of price and quantity
indices.
[7] It it not diﬃcult to give examples to illustrate that improper measurement of
survival and eﬃciency functions due to lack of data can bias quantitative conclu-
sions which may have serious consequences for economic analysis and policy. I will
ﬁnish by giving two:
Example 1: Calculation of rates of return to capital:
By deﬁnition,
Rate of return=
Gross operating surplus – Value of depreciation
Value of capital stock
The assessment of the value of depreciation (in the numerator) and the capital
value (in the denominator) both depend on the forms of the survival and eﬃciency
functions. If the latter cannot be well quantiﬁed owing to lack of adequate data
and ‘guesstimates’ therefore take their place, one runs the risk of obtaining severely
biased measures of rates of return.
Example 2: Estimation of Elasticities of substitution:
Often elasticities of substitution between inputs, say labour and capital, are esti-
mated by regressing (say) the log labour/capital ratio on the log wage rate/capital
service price ratio. If the forms of the survival and eﬃciency functions cannot be
well quantiﬁed owing to data unavailability, then the series for both the capital
stock and the capital service price are likely to contain substantial errors. As a con-
sequence, the estimates of this important parameter may be severely biased, and
the scarcity of our information may prevent further in-depth research.
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